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(57)Abstract: 

PURPOSE: To provide the formation method, of an electrode, wherein the n-type layer and the pHiype layer of a p-n 
junction-type gallium nitride-based compound semiconductor as well as an ohmic contact are obtained in order to enhance 
the light-emitting output and the light-emitting efficiency of a light-emitting element which utilizes the gallium nitride- 
bas d compound semiconductor. 

CONSTITUTION: An alloy which contains chromium and/or nickel or the metals are applied to an n-type gallium nitride- 
bas d compound semiconductor at an electron carrier concentration of 1 x 1017/cm3 or higher or to a p-type galiium 
nitride-based compound semiconductor at an electron carrier concentration of 1 x 1015/cm3 or higher, and an annealing 
operation is then performed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This docum nt has b en translat d by computer.So th translation may not reflect the original pr cIs iy. 

2. **** shows the word which can not be translat d. 
3.1n th drawings, any words are not translated. 



CL AIMS _ 

[Claim(s)] 

[Claim 1] The electrode formation method of the gallium-nitride system compound semiconductor characterized by carrying 
out annealing after adhering the alloy which contains chromium and/or nickel in n type gallium-nitride system compound 
semiconductor of 1x101 7/of three or more electronic carrier concentration cm, or p type gallium-nitride system compound 
s miconductor of 1 x1 01 5/of three or more electron hole carrier concentration cm. or this metal. 
[Claim 2] The aforementioned annealing temperature is the electrode formation method of the gallium-nitride system 
compound semiconductor according to claim 1 characterized by being 400 degrees C or more. 
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DETAILED DESCRIPTION 



[D tailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the electrode formation method of a gallium-nitride system compound 

s miconductor expressed with general formula InXAIYGal-X-YN (0<=X<1, 0<=Y<1), and relates to the formation method of 

an I ctrode that n type gallium-nitride system compound semiconductor and p type gallium-nitride system compound 

semiconductor, and ohmic contact are obtained especially. 

[0002] 

[Description of the Prior Art] Since, as for lInXAIYGa1-X-YN (0<=X<1. 0<=Y<1)1, it has a direct transition and a band gap 
changes to 1,95eV - GeV, as for gallium-nitride system compound semiconductors, such as GaN, GaAIN, InGaN, and 
InAIGaN, promising ** of light emitting diode, the laser diode, etc. is carried out as a material of a light emitting device. 
When this material dopes n type dopants, such as a state of a non dope, or Si, germanium, it is known that n type property 
is shown. On the other hand, about p type property, the technology which uses as p type the gallium-nitride system 
compound semiconductor which recently doped p type dopant is developed, and p type gallium-nitride system compound 
s miconductor can be realized now. (For example, JP,2-257679,A, JP,3-218325,A) 

[0003] If p type gallium-nitride system compound semiconductor becomes realizable as described above, a p-n junction 
typ light emitting device with a high radiant power output will be called for. When it considers as a p-n junction type light 
emitting device, it is indispensable that the electrode formed in n type gallium-nitride system compound semiconductor and 
p typ gallium-nitride system compound semiconductor is carrying out ohmic contact with those gallium-nitride system 
compound semiconductors. However, the actual condition is that the electrode nfiaterial which the physical properties of a 
gallium-nitride system compound semiconductor are not often yet solved, but ohmic contact can obtain is not yet known. 
[0004] 

[Problem(s) to be Solved by the Invention] Therefore, this invention is accomplished in view of such a situation, and the 
place made into the purpose is to offer the formation method of an electrode that n type layer of a gallium-nitride system 
compound semiconductor and p type layer, and ohmic contact are obtained, in order to raise the radiant power output of 
the light emitting device using the p-n junction type gallium-nitride system compound semiconductor, and luminous 
effici ncy. 
[0005] 

[M ans for Solving the Problem] After the electrode formation method of this invention adheres the alloy which contains 
chromium and/or nickel in n type gallium-nitride system compound semiconductor of 1x101 7/of three or more electronic 
carrier concentration cm, or p type gallium-nitride system compound semiconductor of 1 x1 01 5/of three or more electron 
hole carrier concentration cm, or this metal, it is characterized by carrying out annealing. 

[0006] In the electrode formation method of this invention, the electronic carrier concentration of n type gallium-nitride 
system compound semiconductor in which especially an important thing forms an electrode is needing three or more 
1x1017-/cm. If there is less the concentration than 1xl017-/cm3, n type layer and good ohmic contact will not be 
obtained. Moreover, similarly the electron hole carrier concentration of p type gallium-nitride system compound 
s miconductor which forms an electrode is needed three or more 1x1015-/cm. If fewer than 1x1015-/cm3, same p type 
lay r and the same good ohmic contact will not be obtained. 

[0007] Next, it is necessary to use the electrode material adhering to n type gallium-nitride system compound 
semiconductor and p type gallium-nitride system compound semiconductor as the alloy containing chromium and/ or nick I, 
or its metal, as a concrete metal — Or and each nickel — a kind of metal chosen from Au, Pt, Mo, Ti, In, and Ga as 
ind pend nee and an alloy, an alloy with Or, an alloy with nickel, or a Gr-nickel alloy can be used at least, and Or, nickel 
independence or a Gr-nickel alloy, a Cr-Au alloy, and a nickel-Au alloy are especially desirable Although not limited, it is so 
desirable that especially the content of Cr of an alloy and nickel has much Or and nickel. 

[0008] In order to make the above-mentioned electrode material adhere to a gatlium-nitride system compound 

s miconductor, a vacuum deposition can be used preferably and the metal and metal simple substance which were alloyed 

b for hand can be made to adhere as a vacuum evaporation© material. 

[0009] Ohmic contact of the above-mentioned electrode material can be carried out by performing annealing in order to 
familiarize an electrode material and a gallium-nitride system compound semiconductor, and carrying out at the 
temperatur of 400 degrees C or more preferably. Moreover, by carrying out in nitrogen atmosphere preferably, annealing 
can prevent the nitrogen in a gallium-nitride system compound semiconductor decomposing and going away, and can 
maintain crystallinity. Although especially the upper limit of annealing temperature is not limited, it is desirable to usually 
carry out below 1100 degrees C. It is because it is in the inclination which a gallium-nitride system compound 
s miconductor tends to decompose as mentioned above when it exceeds 1100 degrees C. Moreover, by performing 
annealing above 400 d grees 0, the resistivity of p type gallium-nitride system compound semiconductor falls, and p type 
gallium-nltrid system compound semiconductor can obtain more desirable p type, after adh ring an electrode material by 
width of face of 20 micrometers or less. 
[0010] 

[Function] After drawing..! adheres and carri s out annealing of the electrode which becomes the Si dope n type GaN layer 
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from which electronic carrier cone ntration diff rs, resp ctively from a Cr-nickel alloy for 15 minutes at 500 degre s C, it 
is drawing comparing and showing the result which measured th each Cr-nick I int r.-electrode curr nt-potential property, 
and investigated the ohmic contact to an n typ GaN layer and an electrod . A is an n typ GaN layer in which 1x1018/cm3 
and C have cm3, and, as for 2x1019/cm3 and B, 1x1017/D has th lectronic carri r concentration of 6x1016-/cm3, By 
th n type GaN layer with high lectronic carri r concentration, although ohmic contact is obtained easily and ohmic 
contact is still obtained in 1x1017-/cm3, in 6x1016-/cm3, completely, voltage and current are not in a straight-line relation, 
and it turns out that ohmic contact has not be n carried out, so that it may und rstand, ven if it compar s A-D. 
[001 1] Moreover, aft r drawing 2 adheres and similarly carries out ann aling of th I ctrode which b comes the Mg dope p 
typ GaN lay r from which electron hoi carrier concentration differs, r sp ctively from a Cr-nickel alloy for 15 minutes at 
500 d grees 0, it is drawing comparing and showing the result which measured the ach Cr-nickel inter- I ctrode current- 
pot ntial property, and investigated the ohmic contact to a p type GaN layer and an electrode. E is a p type GaN layer in 
which 1x101 6/cm3 and G have cm3, and, as for 1x1017/cm3 and F, 1x1015/H has the electron hole carrier concentration 
of 5x1014-/cm3. If this drawing has the threshold value of ohmic contact in the 1x1015/cm3 of electron hole carrier 
cone ntration neighborhood similarly and is less than it, it is shown that it is difficult to obtain ohmic contact. 
[0012] Furthermore, when annealing of the temperature is changed and carried out for 15 minutes after drawing 3 adhered 
the nickel-Cr alloy to the Mg dope p type GaN layer of 4x1016/of electron hole carrier concentration cm 3, it is drawing in 
which comparing the relation of the current-potential property of the p type GaN layer by the annealing temperature, and 
an I ctrode, respectively, and showing it. 200 degrees C and K show 300 degrees C, and, as for I, before annealing and J 
show the annealing temperature of 400 degrees C, as for L. Although I-L Is drawing showing ohmic contact in annealing 
temperature and a p type GaN layer, it turns out that the contact resistance of a p type GaN layer and an electrode 
decreas s with annealing temperature, and an inclination becomes large, and current value increases in proportion to 
voltage, and ohmic contact is obtained. Therefore, desirable annealing temperature is 400 degrees C or more. 
[001 3] 

[Example] The buffer layer which consists of GaN on silicon on sapphire grows up the GaN layer of a non dope by 2- 
micromet r thickness on it with about 200A using the [example 1] MOCVD method, and the 0.2-micrometer 
Ga0.9aluminum0.1N layer which doped Mg on the GaN layer is grown up. A substrate is put Into annealing equipment after 
Mg dope Ga0.9aluminum0.1 N layer growth, and annealing is carried out for 10 minutes at 700 degrees C among nitrogen 
atmosphere, and Mg dope Ga0.9aluminum0.1 N layer is further formed into low resistance, and it considers as p type. This 
Mg dope p mold Ga0.9aluminum0.1N layer electron hole carrier concentration was 1x1017-/cm3 as a result of hole 
measurement. 

[0014] Next, after depositing a nickel-Au alloy on the aforementioned p type Ga0.9aluminum0.1 N layer front face, similarly 
a substrate is put into annealing equipment and annealing is performed for 10 minutes at 500 degrees G among nitrogen 
atmosph re. When the inter-electrode current-potential property was measured after the annealing end and the ohmic 
contact to p mold Ga0.9aluminum0.1 N layer and an electrode was investigated, it was checked that drawing 2 and the same 
straight line as E are obtained, and ohmic contact is obtained. 

[0015] In the [example 2] example 1, when the electrode material which carries out vacuum evaporationo to p mold 
Ga0.9aluminum0.1N layer was used as the Cr-Au alloy, and also the electrode was formed similarly and the current- 
pot ntial property was measured, similarly, drawing 2 and the same straight line as E were obtained, and ohmic contact was 
ch ck d. 

[0016] On the non dope GaN layer of the [example 3] example 1, after growing up the 0.2-micrometer n mold In0.1Ga0.9N 
lay r which doped Si, on it, the vacuum evaporationo of the alloy of nickel is carried out, and an electrode is adhered. In 
addition, this Si dope ln0.1Ga0.9N layer electronic carrier concentration was 2x101 9-/cm3. After carrying out annealing like 
an example 1 , when the inter-electrode current-potential property was measured and the ohmic contact to Si dope n mold 
In0.1Ga0.9N layer and an electrode was investigated, iravying 1 and the same straight line as A were obtained, and ohmic 
contact was checked by the back. 

[0017] In the [example 4] example 3. the amount of Si dopes in Si dope n type In0.1Ga0.9 N layers was changed, the 
electronic carrier concentration was set to 1x1018-/cm3, and also nickel electrode was formed similarly, when the current- 
potential property was measured, drayymsj. and the same straight line as B were obtained, and ohmic contact was checked. 

[0018] 

[Eff ct of the Invention] In case according to the method of this Invention the laminating of the gallium-nitride system 
compound semiconductor is carried out and light emitting devices, such as light emitting diode of p-n junction and laser 
diode, are created since the ohmic contact to n type and a p type gallium-nitride system compound semiconductor, and an 

I ctrode is obtained as explained above, the forward voltage of the light emitting device can be lowered, luminous 

ffici ncy can be raised, and the utility value on industry is great. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] Drawing comparing and showing the relation of the current-potential property of the n type GaN layer and 
electrode from which electronic carrier concentration differs. 

[Drawing 2] Drawing comparing and showing the relation of the current-potential property of the Mg dope p type GaN layer 
and lectrode from which electron hole carrier concentration differs. 

LDLayying. 3] Drawing comparing and showing the relation of the current-potential property of the p type GaN layer and 
el ctrode by annealing temperature. 
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DRAWINGS 



[Drawing 1] 
X : 0 . 5 V/ d i V 

y: 0. 2inA/dlv 
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[Drawing 2] 
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[Drawing 3] 
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y TffiA^ 1x1 o^Vcm^^i'5teii[H)i^ 

[0018] 

^m^'%^^^m\^xp-Tv^^<r>^%^'4^-Y\ 1/ 

[[2®coffi!#;^e^PJ] 

[12 1 ] m^^-t y rigS;^5S?i^ n^G a N^i:m 

[^2] iE?L=3f-Y y rits^^m^ctSMg Y-^vWo 



3] T::^-y p^Ga N^i: 



(4) 



5p6-275868 



imi] 



im2] 



X : 0, 5 V/d i v 
Yt 0. 2mA/div 









! II 




1 ! 






i 










! 














1 i 


























































- 






































































II 1 










B 





1 i 


! / 


i 












1/! I 






















1 
























— 








\j 




! ! 

1 1 1 






























































f i 























1 1 




i 


























[-4- 






rrj/] 






























































f ! ! 








i 

1 


1 










1 



X : 0.5 V/d I V 
Y: 0. 2mA/div 



j 1 

1 1 












A- 

T 1 

i 
















— 1 
















-i- 

K 
















































-4-- 
























— 

i 
















1 
















i 









T 1 
t \ 










f" 


















i Jr 












\ J 




1 


















1 


















-r 








I 

i 


















rr 












1 














1 

1 



















! 


1 1 

i 1 










-r 








J 

1 














































1 








































































i 
















rr 




H 



X : 2.0 V/ d i V 
Yi O. 02mA/div 





4-U- 






1 1 


—j- 


4— 

4— 




j ^ 


1- 








^- 








! 




! 






! 






[ t 




i 

1 












I 


I / 


-i- 




- — -r 


1 

i 






-)- 

1 






4- 






1 

1 












-4- 

i 

— ! — 


1 


1/ j 

_ Jll 

/ 1 


-A- 

1 
1 




i 

1 

1 

1 







1 












-V 






..... 












1 1 












1 


.1 












1 
















1 










































t 














1 1 




r !,.._ 


i 








H~f- 













1 








-H- 
























1 


















































— i — 






-1- 


■* 









i 


I 










— t— 
















1 











K 



TH8S PAGE BIAUK (uspto) 



1 



